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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This paper summarizes the proposals on CSI-RS submitted to RAN1#92bis. 
· Identified remaining issues are provided in Section 2. 
· Proposals on capturing agreements missing from current specs are provided in Section 3.

[bookmark: _Ref124671424][bookmark: _Ref71620620][bookmark: _Ref124589665][bookmark: _Ref129681832]Remaining issues on CSI-RS

WA on CSI-RS sequence mapping

Description:
For the WA on CSI-RS sequence mapping, after checking the “1 port rate=1/2 case”, several companies have expressed their views and several alternatives were proposed as below.

Working Assumption
Agree to the following text for TS.38.211 with the understanding that the 1 port rate=1/2 case needs to be checked. If there is an issue with the working assumption for 1 port rate=1/2, technical details will be modified.
7.4.1.5.3	Mapping to physical resources

For each CSI-RS component configured, the UE shall assume the sequence  being mapped to physical resources according to 
[image: ]


under the condition that the resource elements indexed by are within the resource blocks occupied by the CSI-RS for which the UE is configured. The reference point for  is subcarrier 0 in common resource block 0. The value of  is given by the higher-layer parameter CSI-RS-Density.

[bookmark: _Hlk507436235]Alternatives:
· Alt-1: Confirm the WA on CSI-RS sequence mapping for the case with 0.5 density
· Alt-2: Modify the WA to support CSI-RS resource/port sharing for the case with 0.5 density 

	Company(s)
	View/position

	Huawei, HiSilicon
	Alt-1

	Intel
	Alt-1

	MediaTek
	Alt-1

	Samsung
	Alt-1

	Qualcomm
	Alt-2

	Vivo
	Alt-2

	Ericsson
	Alt-2
Note: The intention behind Alt-2 and Alt-3 is “resource” sharing, not necessarily “port” sharing.

	Lenovo
	Alt-2

	Nokia, Nokia Shanghai Bell
	Alt-2
Just resource sharing would be enough as Ericsson said.
Nokia is O.K. either to modify the equation or clarify/change the notation of ‘n’ as Intel proposed 

	CATT
	Alt-2

	NEC
	Alt-2

	OPPO
	Alt-2

	LGE
	Alt-1



Proposal: 
· Confirm the WA on CSI-RS sequence mapping for the case with 0.5 density

Reference point for initial RB index 

Description:
It is reported that NR needs to clarify that the reference point for the initial RB index for CSI-RS bandwidth configuration. If PRB0 of associated BWP is used and the BWP does not start at multiple of 4RB, there can be misalignment between CSI-RS resource and reporting subband. The following alternatives were proposed. 

Clarification: With the current definition of startingRB in the IE CSI-FrequencyOccupation:
	-- PRB where this CSI resource starts in relation to PRB 0 of the associated BWP. 
	-- Only multiples of 4 are allowed (0, 4, ...)
	startingRB								INTEGER (0..maxNrofPhysicalResourceBlocks-1),
the CSI-RS frequency allocation has the potential to be misaligned with only the last reporting subband. There is no misalignment with the first reporting subband.
Alternatives:
· Alt-1: Common resource block 0 is used as the reference point for CSI-RS bandwidth configuration
· Alt-2: Definition of CSI-RS-FreqBand does not need to be changed
· Alt-3: Definition of CSI-RS FreqBand does not need to be changed in 38.331. Alignment to the last reporting subband can be achieved with a TP to 38.214 Section 5.2.2.3.1 without RRC impact (see TP for Alt-3 below)

	Company(s)
	View/position

	Huawei, HiSilicon
	Alt-1

	DOCOMO
	Alt-2

	NEC
	Alt-1

	Ericsson
	Alt-3

Note that Alt-1 has the following RRC impact:
· Value range of the field startingRB in the IE CSI-FrequencyOccupation  
· Field description of the field startingRB

	ZTE, Sanechips
	Alt-1

	LGE
	Alt-1

	Samsung
	Prefer Alt-1 but the exact TP should be agreed together.

	Nokia
	Alt-1



TP for Alt-3
>>> TP for 38.214, section 5.2.2.3.1 >>> 
· CSI-RS-FreqBand parameters configure the bandwidth and the initial RB index in the frequency domain, both in units of 4RBs, of a CSI-RS resource within a BWP as defined in Subclause 7.4.1.5 of [4, TS 38.211]. The actual bandwidth of the NZP CSI-RS resource is N RBs, with  = mod(, 4), ), where  and  (<= 4 are the configured bandwidth and start RB index, respectively, as given by the higher layer parameter CSI-RS-FreqBand.
>>> End TP >>>

Two related discussion points are as follows:
1. Currently, if a BWP is not a multiple of 4 PRBs, then the CSI-RS cannot be configured to span the entire BWP. Discuss if/how this should be fixed.
2. In 38.331, the description of the field density in CSI-RS-ResourceMapping is not clear about whether odd/even PRBs are with respect to common resource block 0 (CRB 0) or with respect to PRB 0 of the configured BWP. Discuss how this should be fixed.
· Alt-A: Odd/even is with respect to CRB 0 of the common resource block grid
· Alt-B: Odd/even is with respect to PRB 0 of the configured BWP

	Company(s)
	View/position

	Ericsson
	Discussion Point 1: Allow configuration of CSI-RS to span the entire BWP even in the case the BWP size is NOT a multiple of 4 PRBs. A text proposal is shown below.

Discussion Point 2: Either Alt-A or B is fine, but needs clarification.

	ZTE, Sanechips
	Discussion Point 1: Allow configuration of CSI-RS to span the entire BWP even in the case the BWP size is NOT a multiple of 4 PRBs. If the CSI-RS bandwidth is larger than BWP size, the actual CSI-RS bandwidth is equal to the BWP size. 
Discussion Point 2: Alt-A



TP to allow CSI-RS configuration to span entire BWP:
>>> TP for 38.214, section 5.2.2.3.1 >>>
· CSI-RS-FreqBand parameters configure the bandwidth and the initial RB index in the frequency domain, both in units of 4RBs, of a CSI-RS resource within a BWP as defined in Subclause 7.4.1.5 of [4, TS 38.211]. The actual bandwidth of the NZP CSI-RS resource is N RBs, with  = , ), where (<= 4 and  (<= 4 are the configured bandwidth and starting RB index, respectively, as given by the higher layer parameter CSI-RS-FreqBand.
>>> End TP >>>
Note: this TP is a subset of the above TP for Alt-3

Proposal: 
	Text proposal for Section 5.2.2.3.1	in 38.214
----------------------------------------------------------------------------------------------------------------------------------
-	CSI-RS-FreqBand parameters configure the bandwidth and the initial RB index in the frequency domain, both in units of 4RBs, of a CSI-RS resource within a BWP as defined in Subclause 7.4.1.5 of [4, TS 38.211]. The reference point for the initial RB index is common resource block 0.
----------------------------------------------------------------------------------------------------------------------------------
-	Send an LS to RAN2 about this




QCL assumption per CSI-RS resource 

Description:
It is reported that supporting more than one QCL group per CSI-RS resource should not be considered in Rel-15, and then proposed the following addition to the spec. 

Alternatives:
· Alt-1: A UE may assume all CSI-RS ports within one CSI-RS resource are quasi co-located with respect to ‘QCL type A’ and ‘QCL type D’ when applicable.

	Company(s)
	View/position

	Qualcomm
	Alt-1 

	Huawei, HiSilicon
	Alt-1

	NEC
	Alt-1

	Ericsson
	Alt-1

	OPPO
	Alt-1

	LGE
	Alt-1

	Samsung
	Alt-1

	Nokia
	Alt-1



Proposal: 
A UE may assume all CSI-RS ports within one CSI-RS resource are quasi co-located with respect to ‘QCL type A’ and ‘QCL type D’ when applicable.

Common configuration within one set

Description:
It is reported that supporting configuring different frequency domain offset, starting RBs, number of RBs, number of ports, densities, CDM-types will require large memory for storing bitmaps, and  then proposed the following solution. 

Alternatives:
· Alt-1: The UE expects that all the CSI resources of a resource set are configured with same parameters except for the frequency/time locations and RE patterns.
· Alt-2: The UE expects that all the CSI resources of a resource set are configured with the same starting RB and number of RBs and the same CDM-type.

	Company(s)
	View/position

	Qualcomm
	Alt-1

	Ericsson
	Alt-2

	ZTE, Sanechips
	Alt-2

	Nokia
	Alt-2



Proposal: 
· [To be added, if any]

Link direction for CSI-RS

Description:
It is reported that only the OFDM symbols allocated for CSI-RS transmission need to be downlink symbols, while others do not. The following alternatives are proposed.

Alternatives:
· Alt-1: CSI-RS can be transmitted in the candidate slot configured as ‘downlink’ or ‘flexible’
· Alt-2: 38.211 is sufficiently clear
· Alt-3: Discuss in Scheduling/HARQ agenda.

	Company(s)
	View/position

	OPPO
	Alt-1

	Ericsson
	Alt-2

	ZTE, Sanechips
	No need to discuss this in MIMO session. All related issue should be captured in the current 38.213 chapter 11.1 which is from the conclusion in control session. So I suggest removing the description in 38.211
The UE shall assume that CSI-RS is transmitted in a candidate slot only if all OFDM symbols of that slot corresponding to the configured CSI-RS resource are classified as 'downlink'.

	Samsung
	Alt. 3
Actually, we think that TS38.213 already captures as follows:
“For a set of symbols of a slot that are indicated as flexible by higher layer parameters UL-DL-configuration-common, UL-DL-configuration-common-Set2, or UL-DL-configuration-dedicated, when provided to a UE, or when UL-DL-configuration-common, UL-DL-configuration-common-Set2, and UL-DL-configuration-dedicated are not provided to the UE - The UE shall receive PDSCH or CSI-RS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format with CRC scrambled by C-RNTI or CS-RNTI or a configuration by higher layers.”
“If the UE is configured by higher layers to receive a PDCCH, or a PDSCH, or a CSI-RS in the set of symbols of the slot, the UE shall receive the PDCCH, the PDSCH, or the CSI-RS if the UE does not detect a DCI format with CRC scrambled by C-RNTI or CS-RNTI or SP-CSI-RNTI or TPC-SRS-RNTI that indicates to the UE to transmit a PUSCH, a PUCCH, a PRACH, or a SRS in the set of symbols of the slot. Otherwise, the UE shall not receive the PDCCH, or the PDSCH, or the CSI-RS in the set of symbols of the slot and shall transmit the PUSCH, the PUCCH, the PRACH, or the SRS in the set of symbols of the slot.”
Therefore, TS38.211 simply can refer TS38,213, if needed.

	Nokia
	Alt-2, but open to handle this issue in other A.I.

	Qualcomm
	Alt-3



Proposal: 
· [To be added, if any]

Power offset between PDCCH and SSB

Description:
As illustrated in Figure 1, it was reported that when the higher layer parameter Pc_SS is absent, UE does not know the power offset between PDCCH and SSB. To address this, one solution was proposed as below. 

[image: ]
[bookmark: _Ref507062730]Figure 1 Derivation of hypothesis BLER for PDCCH and related power offset

Alternatives:
· Alt-1: If Pc_SS is absent from CSI-RS configuration, UE should assume 0dB power offset between SSB and PDCCH
· Alt-2: Discuss this issue in RAN4.

	Company(s)
	View/position

	MediaTek
	Alt-1

	Ericsson
	Alt-1

	ZTE, Sanechips
	Alt-1

	Samsung
	In our understanding, it was concluded in BFR session to discuss this issue in RAN4. 

	Nokia
	Alt-1

	Qualcomm
	Alt-2



Proposal: 
· [To be added, if any]


Time offset between trigger of SP-CSI and SP-CSI-RS

Description:
It is reported that the value range for the time offset between DCI triggering of SP-CSI and the corresponding SP-CSI-RS is undefined, and then proposed the following solution. 

Alternatives:
· Alt-1: Support zero-slot timing offset between DCI triggering of SP-CSI and corresponding SP-CSI-RS transmission
· Alt-2: Discuss in CSI agenda item

	Company(s)
	View/position

	DOCOMO
	Alt-1

	Ericsson
	Alt-2

	OPPO
	Alt-2

	ZTE, Sanechips
	Alt-2

	Nokia
	Alt-2

	Qualcomm
	Alt-2



Description:
It is reported that NR hasn’t specified the exact timing from when the activation/deactivation signaling is valid, and then proposed the following solution. 

Alternatives:
· Alt-1: UE assumes that MAC-CE activation/deactivation for SP-CSI-RS is effective with a delay of D slots, in relative to the MAC-CE trigger
· Alt-2: UE assumes that MAC-CE activation/deactivation for SP-CSI-RS is effective with a delay of D slots, in relative to ACK of the MAC-CE trigger

	Company(s)
	View/position

	DOCOMO
	Alt-1 or Alt-2

	Ericsson
	What is the intention of “either” in Alt-1? Shouldn’t the timing we with respect to when the gNB receives the ACK?

	Huawei, HiSilicon
	My understanding is that DCM is fine to take either of the MAC-CE trigger or the ACK of the MAC-CE trigger as the reference point. To resolve the ambiguity, I modified the alternatives as above. Based on the comment from Steve, I take that Ericsson supports Alt-2 (correct us if needed).
Though there may not have explicit agreement, I recall that we have sent a LS to RAN2 indicating that we will use ACK of the MAC-CE trigger as reference point.  

	Docomo
	Huawei’s above understanding/modifications are correct. We have sent a LS (R1-1801272) and have received a reply LS (R1-1803576), in which RAN2 provides their view that additional latency is not necessary. Considering the current situation, we can go with Alt-2. In addition, RAN1 needs to agree on the value of D, which can be zero based on the discussion from Ericsson


[bookmark: _GoBack]
Proposal: 
[To be added, if any]

Capturing agreements missing from current specs

· CATT: TP for capturing minimum bandwidth of CSI-RS in 38.214
	Text proposal for Section 5.2.2.3.1 in 38.214 ----------------------------------------------------------------------------------------------------------------------------------

-	CSI-RS-FreqBand parameters configure the bandwidth and the initial RB index in the frequency domain, both in units of 4RBs, of a CSI-RS resource within a BWP as defined in Subclause 7.4.1.5 of [4, TS 38.211] , and the minimum bandwidth is the minimum between 24 and   resource blocks.
----------------------------------------------------------------------------------------------------------------------------------



· OPPO: TP for clarifying higher layer parameter NrofPorts larger than two will not be configured for any CSI-RS resource for L1-RSRP computation in 38.214
	Text proposal for Section 5.1.6.1.2 in 38.214
----------------------------------------------------------------------------------------------------------------------------------
If the UE is configured with a CSI-ReportConfig with reportQuantity set to “CRI/RSRP”, or “No Report” and if the Resource Setting for channel measurement contains a CSI-RS Resource Set that is configured with the higher layer parameter CSI-RS-ResourceRep and configured without the higher layer parameter TRS-Info, the UE shall not expect to be configured with the higher layer parameter NrofPorts lager than two for any CSI-RS resource within the set, and the UE may be configured with the CSI-RS resource in the same OFDM symbol(s) as an SS/PBCH block, and the UE may assume that the CSI-RS and the SS/PBCH block are quasi co-located with ‘QCL-TypeD’ if ‘QCL-TypeD‘ is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap those of the SS/PBCH block, and the UE shall expect that the same subcarrier spacing is used for both the CSI-RS and the SS/PBCH block.
----------------------------------------------------------------------------------------------------------------------------------



· Qualcomm: TP for clarifying port indexing within CDM group first in 38.211

	Text proposal for Section 7.4.1.5.3 in 38.211
----------------------------------------------------------------------------------------------------------------------------------

For each CSI-RS component configured, the UE shall assume the sequence  being mapped to physical resources according to 
…

The values of  and its association with  are provided in Table 7.4.1.5.2-1. For the 1st row and 2nd row Table 7.4.1.5.2-1, ; for the rest rows of Table 7.4.1.5.2-1, .
Table 7.4.1.5.2-1: CSI-RS locations within a slot.
	Row
	Ports
	
Density 
	CDMtype
	

	
	

	


	1
	1
	3
	No CDM
	


, , 
	0, 0, 0
	0
	0

	2
	1
	1, 0.5
	No CDM
	

	0
	0
	0

	3
	2
	1, 0.5
	FD-CDM2
	

	0
	0, 1
	0

	4
	4
	1
	FD-CDM2
	

	0, 2
	0, 1
	0

	5
	4
	1
	FD-CDM2
	

,
	0, 2
	0, 1
	0

	7
	8
	1
	FD-CDM2
	

	0, 2, 4, 6
	0, 1
	0

	8
	8
	1
	FD-CDM2
	

	0, 2, 4, 6
	0, 1
	0

	9
	8
	1
	CDM4 (FD2,TD2)
	

	0, 4
	0, 1
	0, 1

	10
	12
	1
	FD-CDM2
	

	0, 2, 4, 6, 8, 10
	0, 1
	0

	11
	12
	1
	CDM4 (FD2,TD2)
	

	0, 4, 8
	0, 1
	0, 1

	12
	16
	1, 0.5
	FD-CDM2
	

	0, 2, 4, 6, 8, 10, 12, 14
	0, 1
	0

	13
	16
	1, 0.5
	CDM4 (FD2,TD2)
	

	0, 4, 8, 12
	0, 1
	0, 1

	14
	24
	1, 0.5
	FD-CDM2
	

	0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22
	0, 1
	0

	15
	24
	1, 0.5
	CDM4 (FD2,TD2)
	

	0, 4, 8, 12, 16, 20
	0, 1
	0, 1

	16
	24
	1, 0.5
	CDM8 (FD2,TD4)
	

	0, 8, 16
	0, 1
	0, 1, 2, 3

	17
	32
	1, 0.5
	FD-CDM2
	

	0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30
	0, 1
	0

	18
	32
	1, 0.5
	CDM4 (FD2,TD2)
	

	0, 4, 8, 12, 16, 20, 24, 28
	0, 1
	0, 1

	19
	32
	1, 0.5
	CDM8 (FD2,TD4)
	

	0, 8, 16, 24
	0,1
	0,1, 2, 3






	Company(s)
	View/position

	Ericsson
	It’s not clear what problem this solves. What was the ambiguity with the previous formulation for port numbering in 38.211?

	ZTE, Sanechips
	I think this TP was already discussed in RAN1#92 meeting and it is based on the previous version of 38.211 instead of latest 38.211 f10. 
The current spec. is clear enough, no need further modification.

	Nokia
	Support to keep the original text.




· [bookmark: _Hlk511552845]Samsung: TP to implement the following conclusion in RAN1#92: “UE performs the same measurement on NZP CSI-RS or CSI-IM regardless of whether they collide with ZP CSI-RS or not.”
	[bookmark: _Toc510519411]Text proposal for Section 7.4.1.5.1 in 38.211
----------------------------------------------------------------------------------------------------------------------------------
Zero-power and non-zero-power CSI-RS are defined
-	for a non-zero-power CSI-RS, the sequence shall be generated according to clause 7.4.1.5.2 and mapped to resource elements according to clause 7.4.1.5.3
-	for a zero-power CSI-RS, the UE shall assume that the resource elements defined in clause 7.4.1.5.3 are not used for PDSCH transmission and shall make no assumption on downlink transmission in those resource elements, except for resource elements that overlap with those for which the UE shall assume non-zero transmission power CSI-RS as configured by higher layers.
----------------------------------------------------------------------------------------------------------------------------------



Alignment between 38.211/214/331

· Samsung: Update description of CSI-RS-Density and add description for CSI-RS PRB offset in 38.214
· Samsung: Align descriptions about higher layer parameters BWP-Info and CC-Info between 38.214 and 38.331
· Add a description on BWP-Info in TS38.214
· Send LS to RAN2 to inform that CC-Info was not captured for CSI-ResourceConfig IE in TS38.331.

	[bookmark: _Toc501048198]Text proposal for Section 5.2.2.3.1	in 38.214
----------------------------------------------------------------------------------------------------------------------------------
-	CSI-RS-Density defines CSI-RS frequency density of each CSI-RS port per PRB and CSI-RS PRB offset in case of the density value of 1/2, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
-	CDMType defines CDM values and pattern, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
-	CSI-RS-FreqBand parameters configure the bandwidth and the initial RB index in the frequency domain, both in units of 4RBs, of a CSI-RS resource within a BWP as defined in Subclause 7.4.1.5 of [4, TS 38.211].
-	Pc: which is the assumed ratio of PDSCH EPRE to NZP CSI-RS EPRE when UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1 dB step size.
-	Pc_SS: which is the assumed ratio of SS/PBCH block EPRE to NZP CSI-RS EPRE. 
-	ScramblingID: defines scrambling ID of CSI-RS with length of 10 bits.
-	CC_Info defines which component carrier the configured CSI-RS is located in.
- 	BWP_Info defines which bandwidth part the configured CSI-RS is located in.
----------------------------------------------------------------------------------------------------------------------------------




· CATT: Align the description of resource mapping of ZP-CSI-RS between 38.214 and 38.331
· Alt-1: According to the current TS38.331, clarify the parameters NrofPorts and CDMType for ZP CSI-RS in TS 38.214.

	Text proposal for Section 5.1.4.2 in 38.214
----------------------------------------------------------------------------------------------------------------------------------
-	ZP-CSI-RS-ResourceConfigId determines ZP CSI-RS resource configuration identity.
-	NrofPorts defines the number of CSI-RS ports, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
-	ZP-CSI-RS-Density defines the zero-power CSI-RS frequency density, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
-   CDMType defines CDM values and pattern, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
-	ZP-CSI-RS-FreqBand parameters enabling configuration of frequency occupancy of a ZP-CSI-RS resource within a BWP as defined in Subclause 7.4.1.5 of [4, TS 38.211].
----------------------------------------------------------------------------------------------------------------------------------



· Alt-2: Use an IE ZP-CSI-RS-ResourceMapping inTS38.331 for the resource mapping indication within a slot for ZP CSI-RS to support the rate matching pattern to cover one or multiple NZP CSI-RS resources.

	Text proposal for 38.331
----------------------------------------------------------------------------------------------------------------------------------
· [bookmark: _Toc510018706]–	ZP-CSI-RS-Resource
The IE ZP-CSI-RS-Resource is used to configure a Zero-Power (ZP) CSI-RS resource. Corresponds to L1 parameter 'ZP-CSI-RS-ResourceConfig' (see 38.214, section 5.1.4.2).
ZP-CSI-RS-Resource information element
-- ASN1START
-- TAG-ZP-CSI-RS-RESOURCE-START

ZP-CSI-RS-Resource ::=						SEQUENCE {
	-- ZP CSI-RS resource configuration ID
	-- Corresponds to L1 parameter 'ZP-CSI-RS-ResourceConfigId' (see 38.214, section 5.1.4.2)
	zp-CSI-RS-ResourceId						ZP-CSI-RS-ResourceId,
	-- OFDM symbol and subcarrier occupancy of the ZP-CSI-RS resource within a slot
	resourceMapping								ZP-CSI-RS-ResourceMapping,
	-- Periodicity and slot offset for periodic/semi-persistent ZP-CSI-RS
	-- Corresponds to L1 parameter 'ZP-CSI-RS-timeConfig' (see 38.214, section 5.1.4.2)
	periodicityAndOffset						CSI-ResourcePeriodicityAndOffset							OPTIONAL, --Cond PeriodicOrSemiPersistent

	...
}

ZP-CSI-RS-ResourceId ::=							INTEGER (0..maxNrofZP-CSI-RS-Resources-1)

-- TAG-ZP-CSI-RS-RESOURCE-STOP
-- ASN1STOP
----------------------------------------------------------------------------------------------------------------------------------



	Text proposal for 38.331
----------------------------------------------------------------------------------------------------------------------------------
· [bookmark: _Toc510018602]–	ZP-CSI-RS-ResourceMapping
The IE ZP-CSI-RS-ResourceMapping is used to configure the resource element mapping of a CSI-RS resource in time- and frequency domain.
ZP-CSI-RS-ResourceMapping information element
-- ASN1START
-- TAG-CSI-RS-RESOURCEMAPPING-START

ZP-CSI-RS-ResourceMapping ::= 				SEQUENCE {
	-- Frequency domain allocation within a physical resource block in accordance with 38.211, section 7.4.1.5.3 including table 7.4.1.5.2-1.
	-- The number of bits that may be set to one depend on the chosen row in that table. For the choice "other", the row can be determined from
	-- the parmeters below and from the number of bits set to 1 in frequencyDomainAllocation.
	frequencyDomainAllocation			CHOICE {
		row1								BIT STRING (SIZE (4)),
		row2								BIT STRING (SIZE (12)),
		row4								BIT STRING (SIZE (3)),
		other								BIT STRING (SIZE (6))
	},
	-- Time domain allocation within a physical resource block. The field indicates the first OFDM symbol in the PRB used for CSI-RS.
	-- Parameter l0 in 38.211, section 7.4.1.5.3. Value 2 is supported only when DL-DMRS-typeA-pos equals 3.
	firstOFDMSymbolInTimeDomain			INTEGER (0..13),
	-- Time domain allocation within a physical resource block. Parameter l1 in 38.211, section 7.4.1.5.3.
    symbolDuration                      INTEGER （1..4）,

	firstOFDMSymbolInTimeDomain2		INTEGER (0..13)																OPTIONAL,	-- Need R
	-- Density of CSI-RS resource measured in RE/port/PRB. Corresponds to L1 parameter 'CSI-RS-Density'  (see 38.211, section 7.4.1.5.3)
	-- Values 0.5 (dot5), 1 (one) and 3 (three) are allowed for X=1,
	-- values 0.5 (dot5) and 1 (one) are allowed for X=2, 16, 24 and 32,
	-- value 1 (one) is allowed for X=4, 8, 12.
	-- For density = 1/2, includes 1 bit indication for RB level comb offset indicating  whether odd or even RBs are occupied by CSI-RS
	density									CHOICE {
		dot5									ENUMERATED {evenPRBs, oddPRBs}, 
		one										NULL, 
		three									NULL, 
		spare									NULL
	},
	-- Wideband or partial band CSI-RS. Corresponds to L1 parameter 'CSI-RS-FreqBand' (see 38.214, section 5.2.2.3.1)	
	freqBand								CSI-FrequencyOccupation,
	...
}

-- TAG-CSI-RS-RESOURCEMAPPING-STOP
-- ASN1STOP
----------------------------------------------------------------------------------------------------------------------------------



	Company(s)
	View/position

	Ericsson
	Something like Alt-1 is preferable, but maybe the wording in 38.214 can be even simpler since RAN2 has agreed to use the common IE CSI-RS-ResourceMapping to describe the resource mapping for both NZP and ZP CSI-RS. So, perhaps it’s not necessary to repeat all of the field descriptions in Section 5.1.4.2 of 38.214.

Note: Alt-2 has very large RRC impact.

	
	




Agreements in RAN1#92 in CSI-RS agenda

Agreement (RRC parameter update):
maxNrofCSI-IM-Resources                          INTEGER ::= 32        -- Maximum number of CSI-IM resources per CC. See CSI-IM-ResourceMax in 38.214.

Agreement (RRC parameter update):
Revise the higher-layer parameter CSI-RS-ResourceRep defined in TS 38.331 to be an optionally configurable parameter (not mandatory parameter as in the current specification), and include this into an LS to RAN2.
· CSI-RS-ResourceRep can only be configured for CSI-RS resource sets which are associated with CSI report with  report of L1 RSRP or “no report”

Agreement:
For the CSI-RS sequence mapping, the working assumption from RAN1 NR Ad Hoc 1801 for density 1 and 3 is confirmed

Agreement:
· By default, UE does not perform rate matching on REs overlapped with at least CSI-RS for mobility
· Note: UE shall perform rate matching on REs overlapped with a CSI-RS for mobility only if ZP-CSI-RS covers the REs overlapped with the CSI-RS for mobility.

Conclusion:
UE performs the same measurement on NZP CSI-RS or CSI-IM regardless of whether they collide with ZP CSI-RS or not.

Agreement:
· 
The formula for SRS can be reused for CSI-RS: 
It’s up to the editor how to reflect the above agreement into the specification.

Agreement (RRC parameter update):
maxNrofNZP-CSI-RS-Resources-1 is 191

Agreements in RAN1#AH1801 in CSI-RS agenda

Conclusion:
On the support of indicating two starting OFDM symbol positions for non-contiguous NZP CSI-RS mapping, include as part of an LS to RAN2 to inform them that the RRC signalling should support indication of up to two starting OFDM symbol positions and it is up to RAN2 to decide on the detailed signalling (relevant RRC parameter: CSI_RS_resourcemapping)

Agreement:
Remove Pc-PDCCH from RRC parameter list for NZP-CSI-RS and add clarification on 0dB power offset between CSI-RS for beam failure detection and PDCCH DMRS

Agreement:
· Indication mechanism of aperiodic ZP CSI-RS is RRC + DCI
· Each triggering state of “ZP CSI-RS trigger” in DCI is to trigger one ZP CSI-RS resource set
· A state is reserved for not triggering aperiodic ZP CSI-RS
· All the resources in a ZP CSI-RS resource set are configured with the same ResourceConfigType (periodic or aperiodic)
· The bit-length of DCI field “ZP CSI-RS trigger” depends on the number of aperiodic ZP CSI-RS resource sets configured (up to 2 bits)
· The maximum number of aperiodic ZP CSI-RS resource sets configured per BWP is 3

Include as part of LS to RAN2

Agreement:
· Add the following RRC parameters for ZP CSI-RS 
	PDSCH
	38.214
	
	　
	　
	ZP-CSI-RS-ResourceSetConfigList
	New
	ZP-CSI-RS-ResourceSetConfigList
	Resource set configuration for ZP CSI-RS
	　
	NA
	UE specific
	38.331
	
	Y

	PDSCH
	38.214
	
	
	
	ZP-CSI-RS-ResourceSetConfigId
	New
	ZP-CSI-RS-ResourceSetConfigId
	ZP CSI-RS Resource set configuration ID
	0 .. ZP-CSI-RS-ResourceSetMax-1
	NA
	UE specific
	38.331
	Contained in ZP-CSI-RS-ResourceSetConfig
	Y



· Update the RRC parameter Aperiodic-ZP-CSI-RS-Resource-List as follows
	Aperiodic-ZP-CSI-RS-Resource-List
	Contains list of ZP-CSI-RS resource set IDs for aperiodic triggering
	Up to 3 ZP-CSI-RS resource set IDs per BWP


Include as part of LS to RAN2

Agreement:
· Introduce additional periodicities of {4,8,16,32,64} slots and the corresponding slot offsets to at least the following periodic/semi-persistent RS:
· CSI-RS (includes ZP-CSI-RS and NZP-CSI-RS)
· SRS
· FFS on whether and how to align to additional periodicities as agreed in the frame structure agenda
· “The two periodicities form X ms + Y ms total periodicity, where X, and Y are from {0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10} ms”
· FFS on CSI-IM periodicity of 1 slot
Include as part of LS to RAN2

Working Assumption
Agree to the following text for TS.38.211 with the understanding that the 1 port rate=1/2 case needs to be checked. If there is an issue with the working assumption for 1 port rate=1/2, technical details will be modified.
7.4.1.5.3	Mapping to physical resources

For each CSI-RS component configured, the UE shall assume the sequence  being mapped to physical resources according to 
[image: ]


under the condition that the resource elements indexed by are within the resource blocks occupied by the CSI-RS for which the UE is configured. The reference point for  is subcarrier 0 in common resource block 0. The value of  is given by the higher-layer parameter CSI-RS-Density.

Agreement:
· By default, UE does not perform rate matching on REs overlapped with at least CSI-RS for mobility, which is not configured with serving cell ID
· UE shall perform rate matching on REs overlapped with a CSI-RS for mobility only if ZP-CSI-RS covers the REs overlapped with the CSI-RS for mobility.
· FFS, rate matching on REs overlapped with CSI-RS for mobility configured with serving cell ID

Agreements in RAN1#91 in CSI-RS agenda

Agreement
Support reusing the allowed CSI-RS-to-PDSCH power offset values in LTE for NR. 

Agreement:
· Support including the OFDM symbol index within a slot in the formula for c_init.
· Support including slot index within a radio frame in the formula for c_init.

Agreement:
Length-31 Gold sequence is used for CSI-RS
· Same polynomial as in LTE
· QPSK sequence modulation is used
· N_c and c_init are to be discussed separately

Agreement:
For NR CSI-RS sequence,
· CSI-RS scrambling ID has a length of 10 bits
· There is no default value for the scrambling ID

Agreement
Introduce the following RRC parameter for CSI-RS:
	CC/BWP-Info
	Indication of which CC/BWP the configured CSI-RS is located in
This parameter belongs within a CSI-RS resource configuration or in a BWP configuration (up to editor)
	FFS



Agreement
Introduce the following RRC parameter for CSI-RS:
· Comb offset for D=1/2
· 1 bit to indicate between odd and even RBs

Agreement
UE rate matches PDSCH around ZP-CSI-RS

Agreement
	CSI-RS-ResourceMapping
	Include parameters to capture OFDM symbol location(s) in a slot and subcarrier occupancy in a PRB of the CSI-RS resource
FFS: how to configure CSI-RS in different slots for fine time/frequency tracking
	Starting subcarrier:
For 1 port CSI-RS, there is no restriction
For Y=2, is constrained to be one among even subcarriers, in the given PRB (indexed from 0)
For Y=4, is constrained to be one among subcarriers 0, 4, 8, in the given PRB (indexed from 0)
Symbol location:
{0,1,2,3,4,5,6,7,8,9,10,11,12,13}, where 2 is supported only when DL-DMRS-typeA-pos equals 3
· UE is not expected to receive CSI-RS and DMRS on overlapping REs
· Only uniform RE pattern across all symbols for CSI-RS resource is supported

	CDMType
	Includes parameters to capture CDM value (1, 2, 4, or 8), CDM pattern (freq only, time and freq, time only)
	Agreed CDM types for different X and N
{No CDM} for X = 1 and N = 1
{FD-CDM2} for X = 2 and N = 1
{FD-CDM2} for X = 4 and N = 1
{FD-CDM2} for X = 8 and N = 1
{FD-CDM2, CDM4 (FD2,TD2)} for X = 8 and N = 2
{FD-CDM2} for X = 12 and N = 1
{CDM4 (FD2,TD2)} for X = 12 and N = 2
{FD-CDM2, CDM4 (FD2,TD2)} for X = 16 and N = 2
{FD-CDM2, CDM4 (FD2, TD2), CDM8 (FD2, TD4)} for X = 24 and N = 4
{FD-CDM2, CDM4 (FD2, TD2), CDM8 (FD2, TD4)} for X = 32 and N = 4

	CSI-RS-FreqBand
	Includes parameters to enable configuration of wideband and partial band CSI-RS
	Combined indication methods from [90b-NR-19]
Starting RB index and number of spanned RBs in the units of 4
· Minimum CSI-RS BW is min(24RBs, BWP for data) 

	Pc_SS
	Power offset of NZP CSI-RS RE to SS RE
Note: This parameter is optional
	New parameter
2 bits in the range of [-3, 6] with step size of 3dB

	ZP-CSI-RS-ResourceMapping
	Include parameters to capture OFDM symbol and subcarrier occupancy of the ZP CSI-RS resource within a slot
	A list of NZP-CSI-RS resource mapping(s) by explicit configuration of time and frequency domain information


	ZP-CSI-RS-timeConfig
	Contains periodicity and slot offset for periodic ZP-CSI-RS
	Same as NZP-CSI-RS 


	ZP-CSI-RS-FreqBand
	Includes parameters to enable configuration of wideband and partial band ZP-CSI-RS
	Same as NZP-CSI-RS

	Aperiodic-ZP-CSI-RS-Resource-List
	Contains list of ZP-CSI-RS resource IDs for aperiodic triggering
	

	CC-Info
	Indication of which CC the configured CSI-RS is located in. 
This parameter belongs within a CSI-RS resource configuration or in a CC configuration (up to editor)
	How to capture this in the specification is up to the editor. 
This parameter applies to both NZP-CSI-RS and ZP-CSI-RS.

	BWP-Info
	Indication of which BWP the configured CSI-RS is located in. 
This parameter belongs within a CSI-RS resource setting configuration
	How to capture this in the specification is up to the editor. 
This parameter applies to both NZP-CSI-RS and ZP-CSI-RS.



Agreement
Introduce parameter PC-PDCCH which has a fixed value of 0dB and indicates the power offset of PDCCH and CSI-RS

Agreement
In addition to agreed RRC parameters for ZP-CSI-RS, following RRC parameters are added for ZP CSI-RS configuration.
	ZP-CSI-RS-Density
	Density of ZP CSI-RS resource in frequency domain = RE pattern existence per PRB (1 PRB = 12 subcarriers and 1 sym)
	Same as NZP CSI-RS resources

	ZP-CSI-RS-ResourceConfigId
	ZP-CSI-RS resource configuration ID
	0 ..  ZP-CSI-RS-ResourceMax  - 1

	ResourceConfigType
	Time domain behavior of resource configuration
	aperiodic or periodic



Agreements
· Support mapping CSI-RS sequence to the resource grid at RE-level granularity
· Same sequence for all CSI-RS ports on one symbol within a CSI-RS resource

Agreements:
· Support assigning CSI-RS port index across CDM groups first in frequency domain and then in time domain

Agreement
For NR CSI-RS sequence initialization,
· Similar to LTE, the sequence initialization values should be different for all OFDM symbols within a frame (10ms)
[image: ], 
where  denotes slot index within a radio frame, and  is OFDM symbol index within a slot and  is UE specifically configured scrambling ID

Agreement:
· For Rel-15, the number of APs configured for one NZP CSI-RS resource (P) is equal to number of APs configured for CSI acquisition and reporting, i.e., N1*N2*2 = P (analogous to LTE)

Agreements:
· NR supports aperiodic ZP-CSI-RS for rate matching, with a separate DCI field for triggering aperiodic ZP-CSI-RS
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